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MOJTffiLY PROGRESS REPORT IffiHOOOB 30 S E P TEM BE R I966 
UjPE CTCIE TEOTS 

TCfEAL NtMBER OP PACES U PROORAMt 1T5 
SECTTOir I 

1. Status of original Cycling Prograaj The cycling program has Included 
cells from the following manufactiirers | General Electric Contp any (G.E. 
Gould-Ratlcmal Batteries, Inc. (Gould), Sonotctie Corporation (Scnotone), 
and Gulton Industries, Inc. (Gulton). 

TOTAL IITMBER OP PACES IN 0RK5HIAL PR0(niAMt 8k 

Total Rusher of Packs Cells Palled* 



Cycled 
To Date 

Cycling Palled 

Since Last 
Report 

Total 
To Date 

RICKEL-CAIMIIW (lO-feell pecks) 
G.E. 3*0 a.h. 

12 

5 

T 

0 

k6 

Gould 3»5 a.h. 

12 

3 

9 

0 

63 

Sonotone 5-0 a.h. 

12 

5 

T 

0 

k8 

Gulton 6.0 a.h. 

12 

2 

10 

0 

69 

TOTAL 

1*8 

15 

33 

0 

226 

NICKEL- GAIMUM (5-cell pecks) 

G.E. 12 a.h. 

12 

6 

6 

0 

18 

Gulton 20 a.h. 

12 

2 

10 

0 

35 

Gould 20 a.h. 

12 

3 

9 

0 

27 

TOTAL 

36 

11 

25 

0 

80 


♦All -failure analysis results are cumulative. Total pack failures are 
shown on pages 11 through 38} partial pack failures on pages 39 througji 

2 . Test Parameters; 

a. General Cycling Program: 

(1) Ambient Temperature; 

(a) 0“ C. 

(h) 25" C. 

(c) h0° C. 

( 2 ) Voltage limits per pack chi charges 

(a) 1.55 i 0.03 volts per cell at 0® C. 

(h) l.i+9 4 0.03 volts per cell at 25° C. 

Enclosure (l) 


(c) l.i+5 ± 0.03 volts per cell at 40“ C. 

jm 

(3) Depth of Discharge: 

(a) 90“®inute and 3“hour orbits; 

1. 15 percent and 25 percent at 0" C. 

2. 25 percent and 40 percent at 25" C. 

15 percent and 25 percent at 4o® C. 

(4) Orbit Time: 

(a) 90 minutes — 30-minute discharge and 60-minute charge. 

(b) 3 hours — 30-minute discharge and 150-minute charge. 

3 • Capacity Tests: 

a. Before cycling, each pack was given a capacity test at its respec- 
tive cycling temperature. This check consisted on a c/lO charge for I6 
hours followed by a c/2 discharge to 1.0 volt per cell average. Aftei* 
each 88 days of cycling, each pack was discharged immediately after the 
end of the regular cycle chaurge peric-d, at the c/2 rate to 1.0 volt per 
cell average. The pack was then recharged at the c/lO rate for 16 hours 
and discharged at the c/2 rate to 1.0 volt per cell average. The pack was 
then recharged at the c/lO rate for 48 hours, voltage limited to the cycle 
limits. Data of capacity tests is tabulated on pages 6l through 68 . 

4. Data; 


a. Under normal operation, complete 'data is scheduled to be recorded 
every 32 cycles on t.he 90-minute and 3-ho\ir packs. 

b. The attached da'ca sheets give end of discharge and end of cliarge 
voltage readings for each cell on each cycle recorded. 


sEcncw II 


1. Status of additions to Cycling Programi laie cycling prograa has Included 
cells from the follovlng nsanuflacturers j General Electric Company (G.E.), 
Sonotone Corporation (Sonotone), Yardney Electric Corporation (Yardney), 

Gulton Industries. Inc. (Gulton) , Delco-Remy (Delco) and The Electric Storage 
Battery Company (E.S.B.). 

TOTAL NIMBEB 0? PACKS ADDED TO THE PHOGRAMt 91 


Total Htmher of Packs 

cycled 

To Date Cycling Palled 


HTCKEL-CATMIW (10-cell packs) 

Gfulton 3-6 a.h. SHEKFEY 1 

Gulton 3-6 a.h. COULCMETER 1 

TOTAL 2 


0 1 
1 0 
1 1 


KICKEL-CAIWTtW (5-cell packs) 

G.E. 5.0 a.h. NIMBDS 6 

G. E. 12 a.h. 1 

G.E. 12 a.h. 3rd Electrode 4 

G.E. & Gulton 6.0 a.h. COUL 1 

Sonotone 3.0 a.h. 6 

Sonotone 5*0 a.h. COULCMETER 1 

Sonotone 5-0 a.h. STABISTOR 8 

Gulton 1.25 a.h. 4 

Gulton 4.0 a.h. CCMMERCIAL 6 

Gulton 5-0 a.h. RIMBUS 6 

Gulton 5*6 a.h. FOLDED SEAL 4 

Gulton 5.6 a.h. NOjrPOLDED SEAL 4 

Gulton 6 . 0 a .h . 1 

Gulton 6.0 a.h. HSI 3 

Gulton 6.0 a.h. 3^d Electrode 6 

Gulton 12 a.h. 6 

Gulton 50 a.h. 2 

TOTAL 69 

SILVER- CAIMIIM (lO-cell packs) 

Yardney 12 a.h. 2 

Yardney 3*0 a.h. 1 

TOTAL 3 

SILVER- CAIMTIM ( 5 - cell packs) 

Yardney 5*0 a.h. 6 

E.S.B. 8.0 a.h. 1 

Yardney 12- a.h. 3 

TOTAL 10 



Cells Palled* 
Since last Total 
Report To Date 

0 8 

0 1 

0 9 


0 

0 

0 

3 

1 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
6 


8 

5 

2 

8 

8 

0 

25 

1 

T 

5 

3 

4 

3 

6 

11 

8 

6 

110 


0 16 

0 0 

0 16 


0 12 

0 0 

0 2 

0 14 


*A11 failure analysis results are cumulative. Pack failures are shown cn 
pages 48 through 60 . 





Total Number of 

Packs 

Cells 

Failed* 


Cycled 



Since Last Total 


To Date 

Cycling 

Failed 

Report 

To Date 

SILVER-ZINC ( 10 -cell packs) 






Yardney 1? a.h. 

1 

0 

1 

0 

6 

Delco 25 a.h. 

1 

0 

1 

0 

5 

TOTAL 

2 

0 

2 

0 

11 

SILVER- ZINC (5-cell packs) 






Delco 25 a.h. 

k 

0 

k 

1 

11 

Delco Lo a.h. 

1 

0 

1 

0 

2 

TOTAL 

5 

0 

5 

1 

13 


*A11 falliire analysis results are cumulative. Pack failures are shown on 
pages kS through 60. 

2 . Test Parameters : 

a. General Nickel-Calmium Cycling Program: 

(1) Ambient Temperature: 

(a) 0 ^ C. 

(b) 25° C. 

(c) C. 

( 2 ) Vclta-,'3 llmi'cs per pack on charge: 


(a) 

1.55 ^ 0.03 

volts 

per 

cell 

at 

0 

0 

0 

(t) 

1.1+9 t 0.03. 

volts 

per 

cell 

at 

25° c. 

(c) 

l.ta + 0.03 

volts 

per 

cell 

at 

0 

0 

0 


(3) Depth of lisch'irge : 

(a) 9'D*-mlnuee and 3-hour orbits: 

1 . 11 percent and 21 percent at 0 ° C. 

£. 25 percent and 4 o percent at 25 ® C 

15 percent and 25 percent at 40 ® 

( b ) 2 ' 4 -hour orb 1 1 s : 

1 . so percent at 25 ® C itncl 40 ® C. 


C. 


r 


b. 


(4) Orbit Times: 

(a) 90 minute s-“30-rDinute discharge and 60-minute charge, 

(b) 3 hcairs — ^^O^mlnute discharge and 150-minute charge. 

(c) 24 hours--l-hour discharge and 23-hour charge. 

Nimbus Packs: 

(l) Ambient Temperature: 


(a) 0^ C. 

(b) 25" C. 

(c) C. 


(2) Voltage limit per pack on charge: 1.49 ± O.O3 volts per cell 

at each temperature. 

(3) Depth of Discharge: 

(a) 15 percent and 25 percent at 0° C. 

(b) 25 percent and kO percent at 25“ C. 

(c) 15 percent, and 25 percent at 40° C. 

(4) Orbit Time; 90-minutes — 30-minute discharge and 60-minute charge, 
c. Third Electrovie Packs (Culton): 

(1) Anil-leat Temperatures: 


(b) 0. 

(c) UO" C. 

(2) Voioage 1 uiiit.'. per pack on chsLrge: None. I ' mit 

the third electrode vcl-rre: 


(a) 


mi 1.1 

1 VO Its 

at 

0“ 

(b) 

300 

mill 

i volts 

at 

25' 

(c) 

300 

i:y ] 1 

1 volos 

at 



controlled by 


(3) -“epth of Discharge: 

(a) 23 percent and kO percent at 0° C. 

(b) ;}5 percent and kO percent at 25“ C. 

(c) 15 percent and 25 percent at 40“ C. 

(4) Orbit Time: 90 minutes--30-minute discharge and 60-minute charge 

Third Electrode Packs (General Electric): 

(l) Ambient Teir.peratures : 


(a) 




(b) 25° G. 

(c) 40° C. 

( 2 ) Voltage limit per pack on charge: None. Limit is controlled 

oy the third electrode voltage; lOO millivolts at all temperatures. 

( 3 ) Depth of Discharge: 

(a) 25 percent and 40 percent at 0° C. 

(b) 25 percent and 4o percent at 25“ C. 

(c) 15 percent and 25 percent at 40“ C. 

(t) ,rc:t T'ime: 90 minute3--3i'-minute discharge and 60-minute charge 

e. Stabirtor Packs: 

(]. } A»nbbint Temr cratures : 

(a^ -bl' C. 

(0 c. 

(c) 25 ° G. 


( 2 ) Voltage limits per pack on 


cell voltage. 

(3) le'pti; f Di " -’harge ; 

(a) 25 per'ecil ana 40 percent at -PC" C. 

(b) 2- percent am 40 pvreent at 0" C. 


None. Grab I 3 ter centrois 




(c) 2:5 percent and 40 percent at 25" C. 

(d) 15 percent and 25 percent at 40* C. 

{h) Orbit Time: 90 minutes — 30*niinute discharge and 60-minute charge 

f. Coulometer Packs: 

(1) Ambient Temperature: 25" C. 

(2) Voltage limit per pack on charge: None. Coulometer controls 

cell voltage. 


(3) 1*6 pth of Discharge: 

(a) 30 percent for 5 cells (Sonotone 5 a.h.) — Coulometer built 
by Goddard Space Flight Center. 

(b) 40 percerr. — coulometer built by G.E. (replaced by Gulton cou 

_1. 10 cells (Gulton 3-6 a.h.) 

2. 11 cells (6 Gulton 6.0 a.h. and 5 G.E. 6.0 a.h.) 

(ij-) Orbit Time; 90 minutes — 30-minute discharge and 60-minute charge 
g. .Sherfey Cycling Packs: 

(.1) Ambient Temperature: 25° C. 

(2) Voltage limit per pack on charge: None. Pack cycled in the 

partially diS'''harged state. 

(3) Depth O'"' Di.; charge: 40 percent at 25° C. 

(4) I'lCie: 90 ninutes--30-minute discharge and 60-minute charge 

(5) '’exl Type: Gulton 3.6 a.h. 

(6) This type of cycling starts with the cells in a completely dis- 
charged condition. Each cycle con.sists of a charge of 60 percent of the 
cell's rated capac Ity followed by a discharge of 40 percent of the cell's 
rated capacity. Upon completion of each fifth cycle, the cells are dis- 
charged through a res Ector for 90 minutes to return the cells to the 
completely dischau-ged condition for the start of the next secuence of five 
cycles. In this manner, the ceils operate below the li'O percent, charged 
state much of the time therei.-y preventing overcharging and buildup of 
excessive gas pressure. 


Neoprene-Seal Packs: (Folded and Nonfolded) 


(1) Ambient Temperatures: 

(a) -20’ C. 

(b) 0’ C. 

(c) 25“ C. 

(d) C. 

(2) Voltage limits per pack on charge: 

(a) 1.55 ± 0.03 volts per cell at -20° C. 

(b) 1.55 ± 0.03 volts i>er cell at 0° C. 

(c) J .^9 - 0.03 volts per cell at 25° C. 

(d) 1.45 ± 0.03 volts per cell at 14-0° C. 

( 3 ) Depth of Discharge: 25 percent at all temperature. 

(4) Orbit Times: 90 minutes — 30-minute discharge and 60-minute chao*ge. 

Silver-Cadmium Packs: 

( 1 ) Ambient Temperatures: 

(a) 90 -minute orbit: 

( 1 ) - 20 ° C. 

(2) 0° C. 

^ o ^ r n 

\ J } ^ .r • 

( b ) 2h - hour crb it : 

( 1 ) 0° C. 

( 2 ) C C. 

( 3 ) 40° C. 

( 2 ) Voltage limits per pack on charge: 

(a) 9'0-minute <rbit; 

( 1 ) l.oO ± 0.03 volts per cell at -20° C. 

( 2 ) 1.50 . 0.03 volts pei‘ cell at 0° C. 


B 


v.n 


( 3 ) i . 55 ± 0.03 volts per cell at 25° C. 


(d) 2U-houi- orbits: I .50 ± O.O 3 volts t>er cell at 0’ C. 

25 ° G., and 40“ C. 

( 3 ) Depth of Diocharge: 

(a) 9 G-niinute orbit: 25 percent at all temperatures. 

(b) 24- hour orbit: 

( 1 ) 2 C percent and 50 percent at 0° C. 

( 2 ) 20 percent at 25° C. 

( 3 ) 20 percent and 50 percent at 4-0“ C. 

( 4 ) Orbit Time: 

(a) ?C-minute--3 ''-minute discharge and oC-rlnute chai'ge. 

(b) 24 - hour s — 1 - hour discharge and 23 -hc.ui* charge . 
j. Silver-::? nc Packs : 

( 1 ) Ambient Temperabure: 25° C. 

( 2 ) Voltage l imit per pack on charge: I. 9 :'' t 0 . 03 volts pei 


(3) 


k. 


(M 


( 1 ) 

( 2 ) 


Depth -f 21.:.'charge: 

(a) 3 -hour .rtii: 40 percent at 25° C. 

i c } 24 - hc-ui’ orb' t: 25 percent ar.d 4-0 p>erccnt c 

/ \ 

[■-x) i 3 0 - IT; 1 irate di 3 charge and j ^0 in :.r;u- c 
) discharge and 2--hour chai 

St-ep t'ulator : 

TbiJur-vrat li-'c I n, 

Vcitape per pack cn chit^pre: 

(a; UppLir Vc.!. Limit: : . 9 r t g.Q 3 vo. 

(o) L^'v Curr'jr.L Lir:i- 1 : d. ampe. 

(c) Overcharge Veit age L ! t : 1 , 0 " i i,;. 


oer cell . 


re:' cel 


cel 


(3) Depth of Discherge: 40 percent at C, 

(4) Orbit Time: 24-hcur— 1-hour discharge and 23-hour charge. 

( 5 ) Cell Type: Delco-Remy 25 a.h. 

(6) VJlien silver -cadmium and silver- rinc cells are put on a long 
charge period with only a voltage limit, the cells begin to unbalance when 
the pack goes into overcharge- A new method of charging cells of these 
types was developed at Goddard Space Flight Center. The cell pack is charged 
until it reaches the pack upper voltage limit. At this time, the charge 
current is reduced to maintain this voltage limit. When the charge current 
decreases to 350 milliamperes, the on-charge voltage limit is then reduced 

to the lower pack voltage limit which is equal to the open circuit voltage 
of the cell pack. In this method, the pack receives no more charge until 
there is a sufficient drop in the pack voltage to reset the pack voltage 
limit to the upper value. This meth^od prevents the cells from becoming 
unbalanced during long charge periods. 

1. Silver-Cadmium Packs (Third Electorde): 

( 1 ) Ambient Temperature: 25“ C. 

( 2 ) Voltage limit per x>ack on charge: I. 5 I - 0.03 volts per cell. 

( 3 ) Depth of Discharge; 16 . 7 ^ 

(4) Orbit Times; 8-hour— 1-hour discharge and T-hour charge. 

3 . Capacity Tests; 

a. Before cycling, each peck was given a capacity test at its respec- 
tive cycling temperature. This check consisted of a c/lO charge for I 6 
hours followed by a c/2 discharge to 1.0 volt per cell average. After each 
88 days of cycling, each pack was discharged immediately after the end of 
the regular cycle charge period, at the c/2 rate to 1.0 volt, per 
cell average. The pack was then recharged at the c/lO rate for I 6 hours 
and discharged at the c/2 rate to 1.0 volt per cell average. The pack was 
then recharged at the c/lO rate for 48 hours, voltage limited to the cycle 
limits. Data of capacity tests is tabulated on pages 68 through T4. 

4. Data: 


a. Under normal operation, ccmplete data is scheduled to be recorded 
every 32 cycles on the 90 -minute and 3”hour packs. On the 24-hour packs, 
complete data is taken everj-- eight cycles. Complete data is taken every 
24 cycles on the 8-hour packs. 
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PACK NO. 242 DEPTH OF DISCHARGE 25 TEST TEMPERATURE 40 

GULTON 5.6 A.H. FRS PERCENT OF RECHARGE 160 ORBIT PERIOD 90 MIN. 
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PACK NO. 78 depth OF DISCHARGE 15 TEST TEMPERATURE 40 

GULTON 12 A.H. PERCENT OF RECHARGE 160 ORBIT PERIOD 90 MIN. 
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PACK NO. 69 DEPTH OF DISCHARGE 20 TEST TEMPERATURE 25 

YARDNEY 5 A.H. PERCENT OF RECHARGE .3A ORBIT PERIOD 2A HRS. 
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PACK NO. 233 DEPTH OF DISCHARGE 20 TEST TEMPERATURE 25 

YARDNEY 5 A.H. PERCENT OF RECHARGE .3A ORBIT PERIOD 2A HRS. 
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PACK NO. 107 depth OF DISCHARGE 25 TEST TEMPERATURE 0 

G.E. 5 A.H. NIMBUS PERCENT OF RECHARGE 110 ORBIT PERIOD 90 MIN 
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PACK NO. 304 DEPTH OF DISCHARGE 25 TEST TEMPERATURE 25 

G.E. 5 A.H. NIMBUS PERCENT OF RECHARGE 120 ORBIT PERIOD 90 MIN 
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